The purpose of this study was to examine the allelopathic effect of sweet marjoram (O. majorana) 
INTRODUCTION
In order to survive plants have developed various strategies including allelopathy. Allelopathy is a natural phenomenon of interaction between the various organisms, an interaction that is based on the biosynthesis of secondary metabolites that influence the biological and agricultural systems in a stimulatory or inhibitory way. The environmental pollution and potential damage to human health provoked by synthetic pesticides and weeds resistance to herbicides were regarded today as a real problem (Araniti et al., 2014) . Relatively recently, secondary metabolites in plants have drawn great attention due to increasing public concern about synthetic chemicals used in agriculture, whereas aromatic plants have become interesting as a source of allelopathic secondary metabolites (Duke, 2010) . The allelochemicals in the plants are represented mostly by alkaloids, terpenoids, carbohydrates, flavonoids, phytosterols and glycosides (Khalaj et al., 2013) . They can affect cell division of competing plants, phytohormons activity, plant-water relationship and other plant processes (Bonciu, 2014) . Various aromatic plants of the Lamiaceae family have been studied for their allelopathic effect. According to Azirak and Karaman (2008) , Origanum species can be used as biopesticides in agriculture for the suppression of some common weed species (Alcea pallida Waldst. & Kit., Amaranthus retroflexus L., Centaurea salsotitialis L., Raphanus raphanistrum L., Rumex nepalensis Spreng., Sinapis arvensis L. and Sonchus oleraceus L.). Origanum species biosyntheses many flavones that affect other species with which they live in a particular ecosystem. Recent studies have shown that the volatile compounds of these species have different effects, namely: nematicidal (Ntalli et al., 2010) , antifungal (Wogiatzi et al., 2009) , insecticidal (Khalfi et al., 2008) , antibacterial (Ozkalp et al., 2010) . However, these volatile compounds do not only affect microorganisms and insects but also nearby plants (Bozari et al., 2014) . Origanum majorana Linn. commonly known as sweet marjoram, is a herbaceous perennial plant of the Lamiaceae family, native to Cyprus and the Eastern Mediterranean region (Vagi et al., 2002) . Singla and Vasudeva (2014) (Hussain et al., 2011) . Vallverdú-Queralt et al. (2015) suggest that due to its high content of antioxidants, sweet marjoram has antioxidant properties. The allelopathic effect may be inhibitory or stimulatory and depends on the donor species, the receptor species and the concentrations used. Therefore, studies are needed for each species, in part. The stimulatory effects of these Oregano species have been less studied and especially the effect of cogermination. So far, we have not found such studies. Therefore, in this paper was conducted a first study on both effects, respectively the effects of cogermination and the and the effects of aqueous extracts from the aboveground biomass of the sweet marjoram (Origanum majorana L.) on the germination and the growth of maize seedlings.
MATERIALS AND METHODS
The experiments were conducted in 2017 in the Laboratory of Breeding plants at the Faculty of Agronomy in Craiova. Seeds of sweet marjoram (Origanum majorana L.) were purchased from Seed Company AGROSEL Cluj and seeds of maize (Olt hybrid) from NARDI Fundulea. All seeds were surface-sterilized with 1% NaOCl (4% NaOCl commercial bleach), for 20 min, then rinsed three times with distilled water (Siddiqui et al., 2009) .
Seed cogermination in Petri dishes:
In the first experiment the effect of cogermination was investigated according to Dikic (2005) . In each treatment 30 seeds of maize and 30 seeds of sweet marjoram were placed in Petri dishes on top of filter paper soaked in distilled water. Control treatments consisted of 30 seeds of a single species per dish, respectively maize. The Petri dishes were kept at room temperature (23 °C ± 2) for 7 days. All treatments had three replications.
Effect of aqueous extracts:
In the second experiment the effect of sweet marjoram aqueous extracts on sweet marjoram was evaluated on filter paper in sterilized Petri dishes (9 cm in diameter). Aqueous extracts were prepared according to Norsworthy (2003) from fresh and dry aboveground biomass of plants. One hundred grams of biomass was mixed with 1000 ml of distilled water and kept for 24 h at room temperature. This mixture was filtered through filter paper and the obtained extracts were diluted with distilled water to obtain three final concentrations of 1%, 2% and 3 %. Twenty seeds were placed in Petri dishes on top of filter paper. In each Petri dish was added 15 ml of aqueous extract, while distilled water was used in control. Petri dishes were kept at room temperature (23 °C ± 2) for 7 days. All treatments had three replications. The allelopathic effect was evaluated at the end of the experiments by measuring the root and shoot length (cm) of seedlings. Germination index was calculated applying the following formula: Gi=(7×n1) + (6×n2) +···+ (1×n7) n1, n2 ... n7 = No. of germinated seeds on the first, second and subsequent days until the 7th day.
Response index (RI) was calculated applying the following formulas: RI = 1 -(C/T) (If T>C) RI = (T/C) -1 (If T<C)
RI-ranges from -1 to +1, with positive values indicating stimulation by the treatments and negative values indicating inhibition relative to the controls. The obtained data was analysed statistically with ANOVA and differences between treatment means were compared using the LSD-test at probability level of 0.05.
RESULTS AND DISCUSSIONS
The results of variance analysis for cogermination showed that the seeds of Origanum majorana significantly influenced all the traits studied in maize (Table 1) . The cogermination of sweet marjoram seeds with maize seeds resulted in a significant increase in the germination index (Gi), root length and shoot length of maize (Table 2 ). According to Bench et al. (1991) , a higher germination index value (Gi) denotes a higher percentage and rate of germination. A positive value of the Response index (RI>0) showed that cogermination significantly stimulated all the traits studied in maize (Table  3) , respectively the germination index (Gi), which increased by 13.5% compared to control, the root length which increased with 43.9% and the shoot length which increased by 56.2% There are no previous experimental results representing the cogermination effect of Origanum majorana on the germination and growth in maize seedlings.
However, it is known from the speciality literature that the cogermination of aromatic plants with various agricultural species or weeds can affect differently by stimulating or inhibiting germination and growth depending on the donor and target species. Thus, Sing et al. (2016) found that the germination and shoot length of scentless mayweed have been stimulated in cogermination with aromatic plants (basil, coriander and oregano) and, on the contrary, the germination of hoary cress was inhibited in cogermination with aromatic plant (basil, coriander and lovage). Ravlic et al. (2013) reported that: -the cogermination with coriander seeds inhibited germination and root length of hoary cress, but showed high stimulatory effect on shoot length of hoary cress and scentless mayweed, and fresh weight of scentless mayweed; -the cogermination with basil seeds inhibited germination of hoary cress, but stimulated its root and shoot length and germination of scentless mayweed; -the cogermination with oregano seeds stimulated germination of scentless mayweed.
The results from the analysis of the variance for the aqueous extracts of sweet marjoram showed an insignificant influence on the germination index (Gi) but significant on the root length and the shoot length of maize (Table 4 ). The effect of the aqueous extracts of sweet marjoram depends on the concentrations used. Concentrations of 1% and 2% had an insignificant influence on root length, while a concentration of 3% significantly reduced this trait (Table 5) .
Reducing the root and shoot length can be caused by inhibition in cell division and increasing or decreasing in hormones such as acetic acid and gibberellin (Al-Taisan, 2014) . On the contrary, aqueous extracts of 1% and 2% determined a significant increase for shoot length of maize. Concerning the stimulation effects (RI> 0) of aqueous extracts, a slight stimulation for germination index (Gi) at 1% concentration and a good stimulation for shoot length at all concentrations used were observed (Table 6 ). The growth of maize seedlings (root and shoot) was more sensitive than germination at the allelochemicals present in aqueous extracts of O. majorana. Similar results have been obtained in other studies (Kakati and Baruah, 2013; Dragoeva et al., 2014) . Previous results presented in other studies confirm the ability to stimulate germination and seedling growth of maize by the use of aqueous extracts obtained from other plants. Bonea (2016) stated that the aqueous extracts of horseradish (Armoracia rusticana L.) having concentrations of 5%, 10% and 15% had a significant stimulating effect on the studied traits of maize, respectively, shoot length and root length. Baeshen (2014) reported a stimulation at the rate of germination and the growth of root maize by using aqueous extracts of Eruca sativa, Mentha peperina and Coriandrum sativum in 25% and 50% concentrates. Sing et al. (2009) reported that the concentration of Nicotiana leachate (25% concentration) stimulated amylase activity and resulted in a higher sugar content and germination rate in maize. The report from Tadele (2014) showed that aqueous extracts of lantana (Lantana camara L.) leaf (5, 10, 25, 50 and 75%) had stimulatory effects on early growth of maize.
Other studies have shown that the aqueous extracts of oregano in a concentration of 2 and 4% have not affected the percentage of germination, but have significantly inhibited root elongation and fresh weight of maize (Vasilakoglou et al., 2011) . Atak et al. (2016) have reported that essential oil of Origanum onites L. (Turkish oregano) applied at the rate of 2, 4, 8, 16 μL / petri dish, has significantly reduced seed germination rate, shoot length and root length of wheat cultivars compared to controls. The inhibition was relatively increased with the increasing dose of essential oil.
CONCLUSIONS
The results of the study have shown that aromatic plants of O. majorana exhibit a different allelopathic effect depending on the way they are used, respectively, cogermination or as aqueous extracts. Thus, the cogermination of sweet marjoram seeds with maize seeds had a significant stimulatory effect on germination index (Gi) and the growth of seedlings (root nd shoot length).
The aqueous extracts from fresh and dry aboveground biomass of sweet marjoram (stem, leaves) did not affect significantly the germination index (Gi) and had a different influence on the growth of the seedlings: in a lower concentration (1% and 2%) significantly stimulated the shoot length of maize, and in higher concentration (3%) significantly inhibited the root length of maize. As a result, the stimulating potential of cogermination and lower concentrations of aqueous extracts could be exploited to promote maize crop growth, but field studies should be achieved to complement the information obtained in the laboratory.
